The TCR, a heterodimer comprised of an a and /3 chain, mediates the corecognition of antigen and MHC molecules by T cells . The a and /3 chains of the TCR are encoded in gene complexes that include segments corresponding to the V J, D, and C regions of the receptor chains (1-3) . Diversity, which characterizes T cell responses, is generated by rearrangement of TCR gene segments in the course of T cell maturation (4) . Somatic mutation appears to play little or no role in the diversity of the TCR, thus enhancing the importance of polymorphism in the germline genes (5-7) . Genetic polymorphism reported to date in human TCR-0 genes has been limited relative to that described for some mouse strains in which significant deletions occur within the TCR/3 complex (8-10) . In the current report, we show that areas of insertion/deletion are likewise present within the human TCR(3 gene complex .
sarkosyl, and freshly added 2 mg/ml proteinase K (Bethesda Research Laboratories) . Individual blocks, each containing 5 Rg of DNA, were stored at 4°C.
Digestion of DNA in Agarose Blocks. Each block was incubated twice at 50'C in 5 ml of TE buffer containing 0.4 mg/ml PMSF (Bethesda Research Laboratories) and once in 5 ml of TE at 50OC; incubations were for 30 min each. Blocks were equilibrated in 1 x digestion buffer (New England Biolabs, Beverly, MA) by five successive 10-min incubations in 5 ml ofbuffer, followed by a single 5-min incubation in 1 ml ofbuffer supplemented with 100,ug/ml of BSA (Bethesda Research Laboratories) . The digestion was carried out overnight in a total volume of 200 Al using 10 U of enzyme/pg of DNA added in two equal portions. The digest reaction was covered with a thin layer of parafin oil .
For double digest experiments, the initial digest was performed as above ; the agarose blocks were then equilibrated with the new buffer and the second digest was performed . After digestion, the agarose blocks were incubated with 1 ml of 0.5 M EDTA, 1 17o sarkosyl, 0.5 mg of proteinase K/ml for 3 h at 50°C.
Gel Electrophoresis Conditions. The Pulsaphor equipment (Pharmacia Fine Chemicals, Piscataway, NJ) was used in all experiments . Digested samples were equilibrated in 10 ml of TE buffer for 30 min before loading onto a 1% agarose gel (Bethesda Research Laboratories) in 1 x 100 mM Tris/100 mM boric acid/2 mM EDTA. The gel was run for 44 h at 330 V with a pulse time (unless otherwise stated) of 20 s, and a buffer temperature equilibrated at 12'C. Good resolution of restriction fragments between 40 and 350 kb was obtained under these conditions.
Transfer and Hybridization. Ethidium bromide-stained gels were treated with 0.25 N HCI for 30 min . The DNA was then denatured, neutralized, and transferred to nylon membranes (Hybond-N ; Amersham Corp., Arlington Heights, IL) bathed in 10 x SSC according to the manufacturer's recommendations. The filter was baked for 2 h at 80°C. DNA probes were labeled with a-[ 32 p]dCTP by the method of random priming (12) to a specific activity of 109 cpm/t~g. Filters were prehybridized at 42°C for 4 h in 40% formamide, 5 x SSC, 5 x Denhardt's, 50 mM phosphate buffer, pH 7, 0.5% SDS, and 100 Fig of deproteinased and denatured salmon sperm DNA/ml . Filters were hybridized for 20 h at 42°C with 2-3 x 106 cpm probe/ml in a 10-ml solution of 40% formamide, 5 x SSC, 5 x Denhardt's, 50 mM phosphate, pH 7, 0.5% SDS, and 10% dextran sulfate . Filters were washed twice for 20 min each at 50°C with 0.4x SSC, 0.1% SDS, and exposed humid to XAR 5 films at -70'C with an intensifying screen for 24-48 h.
Results and Discussion
DNA samples from unrelated persons were digested with Sfi I, separated by pulse field gel electrophoresis (PFGE), and the blots hybridized with probes for the Vol (13), Vß6 (14) , muC5V (murine Vß probe designated C5) (15, 16) , Vß8 .1 (17) , Vß11 (14) , Vß12 (14) , and Cß2 (18) gene segments. The four Sfi I fragments containing clusters of V region gene segments previously identified by Lai et al. (19) could be confirmed, and it was possible to further extend the restriction map of the TCRß complex . Of greater interest was the identification of two Sfi I polymorphisms, the first a 300/330-kb fragment detected with probes Vol, Vß6, muC5V, or Vß12, and the second a 130/145-kb fragment detected with Cß2 .
In Fig . 1 , segregation of 300/330 and 130/145 Sfi I polymorphic fragments in four healthy Caucasian families is shown; the 300/330 fragments hybridize with the Vol probe and the 130/145 fragments with the Cß probe. In Fig. 1 A, father (F) is homozygous for the 330-kb fragment and mother (M) is heterozygous ; children SI-84 are heterozygous, having each inherited the maternal 300-kb fragment and a paternal 330-kb fragment, while S5, S6, and S7 have inherited the maternal 330-kb fragment and a paternal 330-kb DNA fragment . In Fig . 1 B, F is homozygous for the 330-kb fragment and M has both the 300-and the 330-kb fragments ; SI-S4 have each in- The finding that both the 300/330-kb and 130/145-kb alleles segregate within families indicates that they are neither artifacts of incomplete digestion nor due to somatic mutation and/or rearrangement of germline DNA .
The polymorphisms observed by PFGE could have been generated either by point mutations that create or delete Sfi I sites or by insertion/deletion events . To distinguish between these possibilities, DNA samples representing different combinations of the Sfi I polymorphisms were digested with Sal I and hybridized with CQ2 or V/36 probes (Fig . 2) . If the polymorphisms are due to point mutations, then Sal I fragments that overlap polymorphic Sfi I fragments should be nonpolymorphic ; if, on the other hand, these polymorphisms result from an insertion or a deletion ofa DNA fragment, then corresponding size variations of the Sal I fragments should be observed . Hybridization with C#2 revealed polymorphic Sal I fragments of 565/580-kb that correlated precisely with the Sfi I 130/145-kb polymorphism (Fig. 2 A) . When Sal I digests were hybridized with V06, an additional 510/540-kb Sal I polymorphism was found that segregated in a concordant fashion with the 300/330 Sfi I RFLP (Fig. 2 B) . These results indicate that the 300/330 and 130/145 Sfi I polymorphisms result from insertion or deletion of DNA fragments of -30 and ti 15 kb, respectively, and may be properly designated as insertion/deletion-related polymorphisms (IDRP) .
The regions including the IDRP within the TCR0 complex were localized in double digest experiments (Fig . 3) . DNA samples representing different Sfi I types were digested with Sfi I alone or with both Sfi I and Sal I, and hybridized either with Va6, C02, or muC5V probes . An invariant 110-kb fragment along with the polymorphic 300/330-kb fragment was found in all Sfi I-digested samples hybridized %with V06 (Fig. 3 A) . Double digestion with Sal I and Sfi I generated three additional fragments of 50, 70/100, and 180 kb, suggesting, as reported (19) , that two Sal I sites are located within the 300/330-kb fragment. Hybridizing bands corresponding to partial Sal I digests revealed that the 180-kb Sal I/Sal I fragment is flanked by the 50-kb and the polymorphic 70/100-kb fragments (Fig. 3 A) . The orientation of these Sal I/Sfi I fragments (Fig. 3 B) could be determined by examining the hybridization pattern obtained with muC5V as probe. The muC5V probe hybridized exclusively to the 300/330-kb Sfi I fragment (Fig. 3 B) . In addition, concordant polymorphisms of muC5V and V08.1 hybridizing genes have been observed in Bam HI-digested DNA samples (13) . In one allelic configuration both probes hybridize with a fragment of 24 kb ; in the other allelic form the muC5V probe hybridizes with a 22-kb fragment and the Vß8.1 probe with a 2.2-kb fragment, localizing a polymorphic Bam HI restriction site between the two genes. Double digestion with Bam HI and Sfi I revealed an invariant Sfi I site within the 22/24-kb Bam HI fragment (data not shown) . Because Vß8.1 has been localized to the 5' end of the 110-kb Sfi I fragment (19, 20) that is located immediately 3' to the 300/330-kb Sfi I fragment, hybridization studies localized muC5V to the 3' end of the 300/330-kb fragment . In double digest experiments, muC5V hybridized exclusively with the 50-kb Sal I/Sfi I fragment, placing this fragment at the 3' end and the polymorphic fragment at the 5' end of the 300/330-kb fragment (Fig . 3, B and C) . This reorientation of the Sal I sites with respect to the current map of the TCRß (19) places this insertion/deletion locus 5' to most members of the Vß6 family. Using a similar approach, the 130/145-kb Sfi I polymorphism detected using the C02 probe could be localized (Fig. 3 C) .
Haplotype frequencies for the 300/330-and 130/145-kb alleles were determined in 50 unrelated healthy Caucasian individuals (Table 1) . It was possible to type all individuals for the two IDRP, except one in which fragments of 270 and 330 kb were observed . Allele frequencies for the 300/330 polymorphisms were estimated to be 0.61 for the 300-kb fragment and 0.37 for the 330-kb fragment . For the 130/145 polymorphism, the allelic frequency was 0.46 for the 130-kb fragment and 0.54 for the 145-kb fragment . All possible combinations between the two allelic groups were observed.
It is not known whether sequences comprising the regions of insertion/deletion encode expressed V gene segments . In one study of the germline V/3 repertoire in 100 unrelated humans utilizing probes that recognize an estimated 48 V/3 segments, an apparent deletion of one member of the V06 family (V06.2) was detected in a single individual (21) . As the 300/330 Sfi I IDRP occurred frequently in unrelated individuals (6/50 individuals were homozygous for the 300-kb fragment), it is unlikely that the rare deletion identified in that earlier study corresponds to this polymorphism. Furthermore, conventional southern blot analysis of Eco RI-and Hind III-digested genomic DNA hybridized to the V06 probe under conditions of low stringency did not detect the presence of bands that were absent in homozygotes for the 300-kb Sfi I fragment (data not shown) .
The presence of the 300/330 and 130/145 Sfi I polymorphisms should prove useful in genetic studies of diseases associated with abnormalities of T cell function, including autoimmune disorders. As clonal T cell responses are characterized by allelic exclusion of TCR genes, the parental origin of the TCR gene rearranged in individual T cell responses can also be defined by this method. The observation that regions of insertion/deletion are commonly found within the human TCR-R adds a new dimension to the genetic variability of this gene complex. The observation of an additional polymorphism in one of 50 individuals sampled suggests that study of larger and more diverse human populations may uncover further examples of IDRP Previous studies of haplotype heterogeneity have suggested that frequent crossover events have contributed to the polymorphism of the TCR-0 genes (13) . While it is tempting to speculate that the presently observed areas of insertion/deletion have resulted from nonhomologous crossover events in this complex, insertions mediated by retroviruses or by transposons cannot be excluded. Irrespective of the mechanism whereby the two IDRP were generated, their widespread occurrence in all 
Summary
Insertion/deletion related polymorphisms (IDRP) involving stretches of 15-30 kb within the human TCR-/3 gene complex were revealed by pulse-field gel electrophoresis . Two independent IDRP systems were detected by analysis of Sfi I-and Sal I-digested human DNA samples using probes for TCR C and V . region gene segments . The allelic nature of these systems was verified in family studies, and mapping data allowed localization of one area of insertion/deletion among the V gene segments and the other near the C region genes. All but one of50 individuals tested could be typed for the two allelic systems, and gene frequencies for the two allelic forms were 0.37/0 .61 and 0.46/0 .54, indicating that these polymorphisms are widespread .
